fragments of 619 and 819 nucleotides followed by mtDNA 1) uncut; 2) 0.5 µM RNase H2, 37 o C, 2 h; 3) 0.5 µM RNase H2, 2 h MBN (5U) 3 h; 4) 100 mM NaOH; 5) 150 mM NaOH; 6) 200 mM NaOH 30 min.
. Distribution and frequency of embedded rNMPs for the region encompassing the prominent site of initiation of second strand DNA synthesis, Ori-L. To determine the distribution and relative abundance of the four ribonucleotides in mtDNA, EmRiboSeq (1) was applied to mtDNA from tissues and cells of the mouse. Previously, the prominent site of initiation of second strand DNA synthesis known as Ori-L, was shown to be an alkali sensitive locus mapping to np 5,188 of mouse mtDNA (2) , and ribonucleotide retention in the vicinity of Ori-L has been demonstrated by other methods (3) . Based on EmRiboSeq, the single most frequent ribosubstitution of murine mtDNA is a guanosine at np 5,188, which confirms the location of Ori-L, and validates the technique. The example shown is murine liver mtDNA. It is important to note that this does not necessarily mean that there is always a single rGMP at the site of RNase HII cleavage, as any closely spaced rNMPs on the same molecule will escape detection, because EmRiboSeq is unable to distinguish between one or more consecutive ribonucleotides. This is a limitation of all ribosubstitution detection methods (4), including Pu-seq (5), and is due to the nature of hydrolysis at rNMPs in DNA. That said, patches of four or more ribonucleotides are known to be rare as RNase HI cleaves isolated mammalian mtDNA at few, if any, sites in most molecules (6) (3). Inset: the position of the prominent rNMP at np 5188 mapped to the predicted stem-loop structure for Ori-L (7). Sequences in the nuclear DNA matching the mitochondrial genome (so-called NUMTs) were not expected to cause any significant interference because rNMPs are present at much lower density in nuclear than mitochondrial DNA (8) , and consistent with this expectation the rNMP data for mtDNA were not evidently affected by the proportion of the total number of reads aligning to mitochondrial DNA (which varied from 4-98% mtDNA). rNMP. The range from least to most frequent triplet was almost five-fold for rAMP and rUMP, but less than three-fold for rGMP. Although rUMP was most likely to be followed by dAMP, this should be seen in the context of the very low numbers of rUMPs in murine liver mtDNA; whereas the triplets CaC, TaC and TaT that were 1.6-1.8 times more frequent than expected represent hundreds more sites of ribosubstitution because of the high levels of rAMPs in the liver mtDNA. Other points to note: ATP is more often incorporated after dCMP or dTMP residues; there is a general bias against incorporating the same base after a rNMP, e.g. AaA; and triplet symmetry is favored in a number of cases (CaC, TaT, AcA, AuA and show the same rate distribution. One prominent outlier (rC, purple spot) indicates discordance between strands in the rate of incorporation in the GcG nucleotide context. This is attributable to the GcG signal being dominated by a single site at Ori-L (nucleotide position 5186 on the light strand; Fig S2) combined with the low rN incorporation rate in this context through the remainder of the mitochondrial genome. In contrast the ratio distorting effect of rG in a GgT context at position 5188, which shows even greater ribonucleotide incorporation than position 5186 (Fig S2) , is less marked. This because, through the mitochondrial genome, GgT shows both a greater median rN signal and 4.7-fold (436 versus 93) more sites than the GcG context, diluting the effect of the single site at the Ori-L overall strand ratio. (deepest troughs) correspond to low mapping quality, which is the result of (C) biases in read length.
Consequently shorter reads are less likely to map, and to have lower mapping quality resulting in a systematic bias in read coverage over these regions of the mitochondrial genome. It appears that reads are more likely to prematurely truncate in regions of extreme (>60% A+T) content, but neither this nor homopolymer runs fully explain the pattern of read lengths and there was no evidence of site specific truncation of reads. Moreover, the short reads are not attributable to more closely spaced ribonucleotides, as sequences from the adaptor furthest from the sequencing primer were less not more prevalent among the short reads, supporting the conclusion that read truncation, rather than fragment size distribution, explains the regional variation. In Panel B and C, blue denotes reads mapped to the forward (light) and salmon the reverse (heavy) strand. Merge of blue and salmon show as purple. The reference reactions contained no extract and all 4 NTPs. Liver has low dGTP and dTTP and mtDNA depletion, whereas kidney has dNTPs and mtDNA levels in the control range. 
